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Volatility is central to many applied issues in financial economics and financial 
engineering, ranging from asset allocation and derivative pricing to risk management. In 
Markowitz’s portfolio selection model (1959), volatility is one of the two dimensions. In 
the other backbone of modern financial economics —— option pricing, volatility is the 
most important factor. And, in the dominating risk measure of applied finance —— value 
at risk, estimating volatility and covariance matrix is the first important step. Moreover, 
volatility is widely used in many other fields of financial economics, such as asset pricing 
and performance evaluation. 
For the last 20 years, volatility has been the hotspot of the financial economics. Since 
the first conditional volatility model by Engle (1982), thousands of papers concerning 
conditional heteroskedasticity have been published. Most recently, Anderson, Bollerslev, 
Diebold, Labys and other economists developed a new estimator of volatility, and, because 
of its high precision, we can regard it as observed volatility, or “realized volatility”. 
 
Although some economists have developed and investigated the measuring and 
forecasting methods of realized volatility, there remain some deficiencies. 
First of all, asset price series does not follow normal diffusion process exactly. So the 
frequency of data used to estimate volatility should not be too high. Data of very high 
frequency would bring more errors due to microstructure friction. Torben G. Andersen and 
his coworker chose a data interval of 5 minute when studying the volatility of DAIJ 30 
stocks. Later, they developed a method called “signature plot” to select proper data interval. 
However, the optimum data interval to balance the usual measuring error and the 
microstructure error would not be unique along all the sample periods. It seems to vary in 
different periods and different markets. 
Secondly, Andersen and his coworker developed FIVAR (fractional integrated vector 
auto regression) model to forecast exchange volatility. This model would not be proper 
when considering stock volatility because it does not take asymmetric effect into account. 
Thirdly, Ebens (1999) developed ARFIMAX model for forecasting stock volatility. He 
used the conditional sum-of-squares maximum likelihood method to estimate the 














sample. Moreover, his ARFIMAX model deals with fractional differencing before 
asymmetric regression. As compared to the improved model developed in this thesis, it has 
disadvantages both in parameter estimation and explanatory adequacy. 
Lastly, previous models either consider only one time series, or consider more time 
series on the assumption that correlations do not change over time. This is unrealistic 
assumption. 
 
This paper develops a more accurate volatility measuring method, based on the 
previous ARFIMAX model, by systematically investigating the volatility of China stock 
indexes, covering high-frequency estimate, volatility characteristics, simulating and 
forecasting. 
First of all, we find that the microstructure bias of single stock is opposite to that of 
stock index. Using very high-frequency data, the realized volatility of single stock would 
be much higher, whereas that of stock index would be much lower. Based on the volatilities 
estimated with different data frequency, we develop a more accurate estimating method, 
which can effectively balance the microstructure error and usual estimate error. 
Secondly, we investigate some characteristics of the volatility for China stock indexes, 
such as the distribution of return, the distribution of volatility, the asymmetric effect of 
volatility, and the long memory effect of volatility. 
Thirdly, we develop a new mode based on ARFIMAX model to simulate and forecaste 
the volatility of China stock indexes and compare it with early models such as GARCH, 
EGARCH, FIGARCH and FIEGARCH. It has been shown that our model is better than the 
previous ones according to the data characteristic and the facility for estimating. And, the 
more accurate method – “modified profile likelihood” is used for simulating the 
ARFIMAX model. In addition, based on the GARCH model, we investigate GARCH-M, 
higher order GARCH, and GARCH parameters’ change in different periods. The evaluation 
of previous 5 models shows that ARFIMAX is the dominating model for volatility 
forecasting. And, asymmetric and long memory effects are the key factors for volatility 
modeling and forecasting. 
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序  言 1






















































































































1)(σ̂                 （1.1） 






















= ， Tdd σ−= 12  
其中 sP为标的资产的当前价格，E为执行价格，R为无风险连续年复利，T为离期满
















（Implied Volatility），即把（1.2）式中的σ 当作未知量，用期权的当前市场价格V 替























2/1=ε         （1.3） 









0 εαα       （1.4） 
其中 0≥p ， 00 >α ， 0≥iα 以确保条件方差非负。 
这个随机过程，称为 p阶ARCH模型，记作 )( pARCH ，也可以记为 ),0(~| 1 ttt hNI −ε ，









































































模型可表示为： ),(~| 1 tttt hbxNIy ′−        （1.5） 








































    （1.6） 













110 −− ++= ttt hh βεαα    （1.7） 




















当（1.7）中的 111 =+ βα 时，随机过程不再是弱平稳的了，称为IGARCH（Integrated 
GARCH），在GARCH(1,1)模型的参数 1α 、 1β 之和接近于1时，IGARCH也可以较好地模






















































tttt hgbxy εδ ++′= )(    （1.8） 













































)ln(|)||(|)ln( βγθαα   （1.9） 
其中 ttt hz ε= ，{ }tz 独立同分布，且 0)( =tzE ， 1)( =tzD 。 
使用标准化残差的函数替代普通GARCH模型中的残差平方，可以使随机过程产生许
多重要特性。首先，它可以反映正负残差对波动率影响的不对称性，当 0>tz 时，它































)( σβεαεαασ       （1.10） 




iα ， 0≥iβ  
TGARCH模型通过分离正负随机扰动对 GARCH的进行了扩展，但是，与 GARCH
模型明显不同的是，GARCH是 2σ 的线性函数，而（1.10）是关于σ 的线性函数，因
此，这种模型无法反映出波动率的非线性特性。 
 




110 )( −− +++= ttt hh βγεαα           （1.11） 
当 1−th 固定时， th 是关于 1−tε 的一条抛物线，在 γε −=−1t 时有最小值。 
Ding，Granger 以及 Engle（1992）提出了另一类模型，称为不对称幂 ARCH
（Asymmetric Power ARCH， A-PARCH），它不仅能体现正负随机扰动对波动率的不
对称影响，而且能更加突出金融时间序列的另一实证特性：收益率绝对值序列与收益
率平方序列都存在一定的自相关性。该模型具体形式如下： 
ttt zh=ε ， )1,0(~ Nzt  










t hh 110 || βεγεαα      （1.12） 





















和 Zakoian（1993）用 TGARCH研究了法国股票市场中的不对称性，并与使用 EGARCH








机波动率”（Stochastic Variance or Volatility）模型。 
假设收益的均值为 0，方差的对数的均值为 0，一个简单随机波动率模型的离散形
式可表示如下（Taylor，1986）： 
)2exp( ttt z αε =   )1,0(~ NIDzt  
ttt ηφαα +=+1    ),0(~
2
ηση NIDt      （1.13） 
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